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Description 

The present invention relates to a water ride for 
water parks, amusement parks, and the like. 

En particular the invention relates to a sheet flow s 
water ride in a single pool comprising an appended 
inclined container rising above said pool, wherein vari- 
ous effects can be created by injecting a power flow of 
water onto the appended inclined container, whereby 
the fiow of water circles around on the plane of the <o 
incline, and returns back to said pool. 

Sheetf low water rides have recently been hailed as 
the new generation of simulated wave generating water 
rides. Initially, the sheet flow generator was designed to 
simulate existing natural waves and phenomenons. rs 
such as a tunnel wave, which is highly prized by surfers. 

Generally, sheet wave generators inject water onto 
an inclined surface upon which surfing maneuvers could 
be performed. The inclined surface is containeriess so 
that the supercritical flow of water will not be slowed 20 
down along the side of the incline. The water flowing 
from the inclined surface is collected in supplementary 
pools or moats and then recirculated back through a 
channel to an elevated container from which the water is 
extruded back onto the incline. ss 

One disadvantage of previous sheet wave genera- 
tor systems is that they required a substantially large 
area of land which can be scarce and costly to provide. 
Moreover, previous sheet wave generators often 
required separate pools and elevated containers for x 
storing water for use in operating the sheet wave gener- 
ating device. Elevated containers are not only costly to 
build, but in the case of a contained inclined surface, 
water is predisposed to undesirably flood the lower 
inclined container during the start-up and shut-down 35 
phases. Furthermore, the design of the previous prior 
art inclined containers were disadvantageously inflexi- 
ble in their ability to self-clear water during operation 
(e.g., in the event of rider induced decay). Also, due to 
the need for water to flow over the upper edge of the 40 
incline, variable size wave shapes for differing levels of 
rider expertise could not be provided. There is, there- 
fore, a need for a more compact sheet wave generating 
water ride design which overcomes the disadvantages 
of prior inclined containers, and yet provides the thrill of 4s 
simulated water skimming activities. 

EP-A-0 096 216 and US-A-4 805 897 disclose 
water rides in accordance with the pre-characferising 
parts of claims 1 and 2. In each of these water rides a 
forced flow travels up an inclined surface and overflows so 
at the upper end of the inclined surface. 

The present invention provides water rides as set 
forth in the independent claims 1 and 2. 

Preferred and optional features are set forth in the 
subsidiary claims. ss 

The present invention, in its preferred embodi- 
ments, represents a substantial improvement to prior 
sheet wave generating systems in that the present 
invention comprises a compact water ride configuration 



and design that is self-contained within or adjacent a 
single pool area. The water ride of the present invention 
has an appended Inclined container which allows simul- 
taneous upward and downward movement of water flow 
and permits surfing and skimming maneuvers in a rela- 
tively compact ride area. Due to its compact size, an 
existing swimming pool, diving pool, or wave pool can 
be retrofitted to incorporate the ride surface of the 
present invention. Thus, the advantage of this invention 
is that it may be installed in existing facilities, and/or in a 
relatively small space, which in view of the high cost of 
land, reduces the cost of installation. Also, unlike the 
previous sheet wave generating devices, the present 
invention does not need an elevated container, which is 
bulky and costly, as a water storage/pressure source for 
generating sheet flow. Rather, the pool into which the 
riders land serves as the water source to supply water 
to the water ride. 

The unique positioning of the subject invention's 
nozzle/injection mechanism, i.e., water jet. also pro- 
vides a completely new concept in sheet flow rider 
entry. In this regard, water is pumped from beneath the 
pool and extruded from a nozzle area which is at or 
betow the elevation of the water in the pool. Because 
the nozzle injection is at or below the surface of the 
water in the pool, the rider may skim over the top of the 
nozzle area and can then be propelled by the injected 
water up the incline again. This unique feature signifi- 
cantly increases user capacity and throughput. 

In another embodiment, the subject invention's noz- 
zle/injection mechanism is positioned at an elevation 
above the main riding surface, so that the water being 
injected travels first downward on a declined surface 
and then upward onto the incline surface. This decline 
surface helps prevent the rider, who performs water- 
skimming maneuvers on the incline surface, from sliding 
accidentally into the nozzle/injection mechanism. The 
decline surface at the nozzle/injection entry area also 
permits the riding surface to be more compact. 

The present invention also represents a substan- 
tially improved sheet wave generator water ride, com- 
prising in one embodiment a butterfly shaped return 
configuration which is appended to or adjacent a single 
container, i.e., a pool. The preferred embodiment of the 
present invention advantageously directs a supercritical 
flow of water upward onto an incline, whereby the water 
reaches the apex and returns back down substantially 
the same plane of incline to the pool area. The present 
invention advantageously allows the rider to perform 
maneuvers on the upward and downward slopes, as 
well as to ride the apex of the turn. 

One advantage of the present invention is that a 
rider, carrying an inner tube or boogie board, etc., may 
enter the ride from the top of the incline or may also 
enter the riding surface from the pool area. This double 
entry system advantageously increases user capacity, 
and in turn, user throughput, as well as extends user 
enjoyment time. 

In the present invention, water is injected onto the 
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riding surface, and flows upward on a predominantly 
gradual incline at a supercritical velocity. The unique 
configuration of the butterfly return is designed so that 
the body of water reaches an apex at the top of the turn, 
and, by virtue of the configuration of the turn, various 5 
hydraulic effects are created. After the water flow transi- 
tions around the turn, it returns to the pool area due to 
gravity down the plane of the inclined surface. 

Because the water ride consists of a single inclined 
container in the shape of a butterfly return, water can be 10 
maintained on the inclined ride area and directed back 
to the pool area, with no need for an overflow to adja- 
cent containers. Unlike the prior art that utilizes various 
containers and pools at different elevations, the present 
invention comprises a single contained ride surface and is 
return. 

Due to the unique butterfly configuration of the ride 
surface, the flow of water flows up the incline, and due 
to the container sidewalls along the top edge of the 1 80° 
turn, the flow of water in conjunction with the downward zo 
force of gravity is directed back toward the pool area 
from which the water was injected. The inclined surface 
is also tilted slighfly on each side of the incline, such that 
the surface nearest the inside of the turn is lower in ele- 
vation than on the outside of the turn. This gradual tilt as 
extends into the curved butterfly return portion, such 
that the inclined surface eventually forms an embank- 
ment. 

In addition, due to the slight tilt on the inclined por- 
tion of the riding surface, water will tend to flow off the so 
side of the incline and into shallow swale located adja- 
cent the incline. The swale is a transition area on the 
inside of the turn between the upward and downward 
flows, and helps keep the upward and downward flows 
separate. A rider riding on the inclined surface may 35 
safely slide into the swale and be allowed to return to 
the pool area without being carried around the 
embanked turn. On the other hand, by maneuvering the 
rider's riding vehicle, the rider may be propelled around 
the embankment for a thrilling ride experience. 40 

In one embodiment of the present invention, the 
embankment is configured such that various hydraulic 
jumps are created along the turn. In this embodiment, 
the water flows at a supercritical velocity from the outlet 
nozzle onto the incline surface, and is propelled against 45 
the outer will along the edge of the turn. At this juncture, 
a hydraulic jump is created and the water is directed 
back down the plane of the incline toward the pool area. 

In this embodiment of the present invention, the 
flow of water can be adjusted to accommodate varying so 
abilities and skills of the riders. To accommodate the 
novice rider, the supercritical velocity of flow can be 
reduced such that the water is not propelled to the high- 
est elevation point of the embanked turn. A reduced 
velocity of upwardly injected flow will result in a hydrau- ss 
lie jump with an associated subcritical flow at some mid- 
point on the incline. Once the water velocity becomes 
subcritical, the water seeks the low pressure area on 
the side of the incline, where the water flows around the 



transition area and down into the pool. 

For the intermediate rider, the supercritical velocity 
of the flow can be increased so that the water flows up 
around the embanked turn, where various water effects 
are created at the apex of the turn. An experienced rider 
may maneuver on the turn and "ride the apex." before 
descending from the embanked turn into the pool area. 

It should also be worth noting that, in another 
embodiment, the embankment can be configured and 
designed so that the flow of water around ihe turn can 
maintain a virtually supercritical velocity. To create a vir- 
tually supercritical flow around the embankment, the 
surface must be configured with two independent princi- 
ples in mind, namely, the FROUDE number and MASS 
CONSERVATION. 

Other than the hydraulic jumps, boils and eddies 
created on the embankment, the main hydraulic jump in 
this embodiment of the invention is at the merging point 
of the supercritical f tow and the pool area. As the rider 
comes off of the embanked turn, and down the plane of 
the incline, the rider splashes into the pool area at the 
point of the main hydraulic jump. 

It should be worth noting that two identical reverse 
positioned embanked turns can be placed side by side 
to create the butterfly return. Two different embanked 
turns with different slopes and curvature can also be 
placed side by side, thus creating two distinct water 
rides. However, the present invention may also com- 
prise only one embanked turn in one direction, rather 
than having two positioned in opposite directions. 

Once the rider completes the embanked turn and 
lands in the pool area, the rider may remain in the pool, 
or exit the pool and re-enter by way ol the entry slide, or 
in one embodiment, paddle towards and over the nozzle 
outlet area to be propelled around the embanked turn 
again. The advantage of the present invention is that the 
entire ride surface is located in or adjacent a pool com- 
prising a single elevation. Because the pool is at a sin- 
gle elevation below the elevation of the contained riding 
surface, there no tendency for water to flood the inclined 
surface. Thus, there is no need to pump water from the 
riding surface as required in some previous rides. 

With respect to the water injection mechanism, the 
present invention consists of a water pump advanta- 
geously located beneath the appended inclined riding 
surface. The advantage of having the pump beneath the 
inclined surface is that the pool area adjacent the nozzle 
outlet is relatively clear and free of tiny interferences 
otherwise caused by an elevated container or other 
injection mechanism adjacent the nozzle area. Never- 
theless, the pump can be located elsewhere as man- 
dated by site specific conditions. 

In the preferred embodiment, water is generally 
pumped from a location below the inclined riding sur- 
face and upward toward a nozzle outlet, wherein the 
water is forced upward and over backwards, turning the 
water upwardly 180°. The water is extruded through a 
narrowing nozzle area, forcing water through the nozzle 
outlet, which is substantially smaller in cross-sectional 
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area than the channel beneath. The water enters the 
nozzle area thick, makes a sharp 180° turn upward, and 
is then extruded to the proper flow thickness, i.e., 
approximately 5 cm (2 inches), onto the riding surface. 
The flow thickness can be altered by adjusting the noz- 5 
zle heighl from 12 mm to 25 cm (1/2" to 10") depending 
on the flow dynamics desired. 

In an alternate embodiment, the pump can be 
located adjacent the riding surface at a position which 
permits pumping of the water from the pool onto the to 
incline surface. Because in the alternate embodiment, 
the water travels initially downward, the pump is posi- 
tioned so that it retrieves water from the lower elevation 
pool area and pumps water upward into the noz- 
zle/injection area, wherein the water is propelled down- is 
ward to create the flow dynamics required. 

The entry slide upon which rider enters the water 
ride is located substantially in the center and at the top 
of the inclined surface area. The entry slide allows the 
rider to enter onto the inclined surface against the flow so 
of water, wherein the rider may perform skimming and 
surfing maneuvers thereon. The entry slide has a con- 
vex shape which diverts water away from the slide to 
either side so that the water does not flow onto the entry 
slide area The entry slide is also slightly higher in ele- ss 
vation than the riding surface, and can be positioned 
with a steeper inclination, so as to avoid the problem of 
having water flowing up the slide. The slide can also 
have a flow fence on either side, which prevents riders 
from falling off the slide area, but which also allows so 
excess water to flow off the slide and back onto the 
inclined surface. 

In the alternate embodiment, a similar entry slide 
can be positioned so that a rider can enter the water 
ride along the side of the incline surface, wherein the 35 
rider enters the incline surface against the flow of water. 
An alternate slide entry can also be provided adjacent 
the nozzle/injection area which permits a rider to enter 
the ride surface in the same direction of flow as the flow 
of water on the surface. 40 

The surface profile of the appended inclined con- 
tainer is designed to accommodate varied flow areas: 
(1) the power flow area, where flow is supercritical up 
the incline, (2) the transition return area, where the 
water turns direction, and (3) the downward flow area ts 
where the water returns back to the pool. The transition 
area also comprises a swale extending down from the 
bottom of the embankment between the upward and 
downward flows, which allows run-off water to be 
drained so that Ihe upward flow is not affected by the so 
downward flow and vice versa. The butterfly return 
shape is also contained along the periphery so that the 
water remains on the turn. The outside curve of ihe 
return is flared upward, or may have sidewalls to retain 
the water, as welt as the rider, on the curved surface. ss 

Ideally, the curvature is designed such that the 
water on the outside curve moves at a velocity sufficient 
to carry the water around the turn. The water on the 
inside of the turn, in the transition area, may move sub- 



stantially slower and provides a mixing area of upward 
and downward flows. 

Due to the design and curvature of the turn, the 
water flow will be substantially supercritical up to the 
apex of the turn, after which, various flow effects caused 
by the resultant changes in velocity and surface shapes 
are generated. Moreover, due to the changes in direc- 
tion of flow along the turn, various boils, eddies and spe- 
cial water effects may be created. 

Once the water flows around the turn, the water 
comes down the plane of the incline and back into the 
pool area, whereby a major hydraulic jump is created In 
the sprash area caused by the merger of the downward 
moving flow of water and the standing pool water. In one 
embodiment, the plane of incline with downward return- 
ing flow is generally less steep than the incline with 
upward flow, and gradually returns to the horizontal 
before reaching the pool area. Once the rider enters the 
pool, the rider may either exit the ride or remain in the 
pool, or may paddle towards the center of the pool, 
whereby the rider may skim over the nozzle area and 
onto the inclined surface again in the preferred embodi- 
ment. This feature advantageously increases user 
capacity and throughput, and extends user enjoyment 
time, as riders my continue to ride the inclined butterfly 
return riding surface repeatedly. Obviously, operational 
procedures would prohibit collisions between nozzle 
entry riders and top of incline entry riders. 

One major advantage of this invention is that the 
entire water ride is self-contained within one pool area, 
wherein the pool serves as the container from which the 
water is extruded onto the riding surface. Moreover, 
because the water ride is itself contained within one 
pool area, the exit and entry areas are close in proxim- 
ity. This advantageously allows efficient transfer of ride 
vehicles from the exit area to the entry area. Also, this 
advantageously reduces the number of life guards that 
must be stationed around the pool to watch for possible 
drowning and other accidents. 

In another embodiment of the present invention, a 
tunnel wave generating device is obliquely positioned at 
the lop of the inclined surface are on the outer edge of 
the butterfly return configuration. The tunnel wave gen- 
erating device is obliquely positioned such that the 
water flows up and across the surface of the wave gen- 
erating device and is directed back onto the downward 
flow of the incline plane. In this embodiment, the super- 
critical velocity is slightly greater, such that the flow of 
water maintains a supercritical flow up and across the 
tunnel wave generating device. This embodiment forms 
a dramatic tunnel wave at the top of the incline, upon 
which advanced riders may maneuver. Due to the 
increased velocity, the entry slide of this embodiment 
may be slightly elevated and inclined above the riding 
surface to prevent water from flowing up and onto the 
entry area. 

In another embodlmerrt of the present invention, the 
entire inclined surface may be substantially planar such 
that the water coming from the injected nozzle flows 
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onto the inclined surface and, by virtue of drag and grav- 
ity forces, becomes subcritical at the top and turns back 
in a butterfly-shaped fashion. In this embodiment, the 
water is allowed to reach a subcritical flow at the top and 
in the transition areas along the sides of the incline. 
Also, due to the natural tendency for water to move from 
a high pressure area to a lower pressure area, the water 
flows down either side of the inclined surface and back 
into the pool area. 

In another embodiment, an effect can be created on 
just one side of the incline, where the entire flow moves 
up the incline and, due to gravity, flows off to one side 
and back around into the pool. The inclined surface in 
this embodiment is tilted only to one side such that, by 
the time the water reaches the top of the incline, the 
water begins to turn in the direction of the tilt, and then 
downward back towards the pool. The nozzle can also 
direct the flow of water it an angle in a direction toward 
the downward tilt. In this embodiment, the water can 
remain substantially supercritical along the entire arcing 
flow plane. 

Brief Description of the Drawings 

FIG. 1 is an illustration of the present invention 
showing the configuration of the butterfly return 
embodiment; 

FIG. 1a is an illustration of the present invention 
showing a reduced flow on the incline for novice rid- 
ers: 

FIG. lb is an illustration showing the contour of the 
inclined container; 

FIG. 2 is a plan view of the present invention show- 
ing the configuration of the butterfly return embodi- 
ment; 

FIG. 2a is a cross-sectional view of the present 
invention taken along line 2-2 of FIG. 2; 
FIG. 3 is an illustration of the present invention 
showing the butterfly return configuration of the pre- 
ferred embodiment with a tunnel wave generating 
device installed at the outer turn edge of the return; 
FIG. 4 is omitted; 

FIG. 5 is an illustration of the present invention 
showing the tilted ride surface embodiment; 
FIG. 6 is a perspective drawing of the present 
invention showing the tilted ride surface; 
FIG. 7 is a perspective view of the warped ride sur- 
face; 

FIG. 8 is a plan view showing the tilted ride surface 
embodiment with angled nozzle. 
FIG. 9 is a plan view of an embodiment with a noz- 
zle/injection mechanism positioned at an elevation 
above the pool. 

FIG. 10 is a cross-section of FIG. 9 and highlights 
the above pool elevation of the injection mechanism 
as well as the decline followed by incline profile of 
the ride surface. 



Detailed Description of the Invention 

The present invention is described as a sheet wave 
generator water ride in a single container, i.e., the entire 

5 water ride is situated within or immediately adjacent to a 
single pool area, or an existing wave pool, etc., and the 
appended inclined surface is self-contained around its 
periphery. Due to the compact design of this water ride, 
it may be located within a single pool area, which 

10 reduces the amount of land needed, as well as the cost 
of installing the ride. Thus, the present invention can be 
retrofitted into an already existing swimming pool, or 
any other body of water such as a wave pool already 
built into a water park. Also, bystanders can view the 

is entire ride, which is important for safety reasons, as well 
as for encouraging viewer interest in the ride. The 
advantage of the present invention is that it may be 
placed in a small area of land, making it ideal for place- 
ment into existing water parks where land may be 

zo scarce or limited. 

FIG. 1 shows a preferred embodiment of the 
present invention, wherein an inclined riding surface 20 
having a butterfly configuration is located in a single 
pool area 21. with the incline surface on one end 

25 thereof. In this embodiment, the pool 21 is preferably 
approximately 18 m (60 feet) in width and the length is 
approximately 30 m (100 feet). 

The incline riding surface 20 can be constructed 
onto and above an existing swimming pool or the like, 

30 out of fiberglass, stainless steel or concrete, with a soft 
foam covering on the riding surface sealed with a ure- 
thane polymer paint The soft foam is furnished to pro- 
vide cushioning support for safety, and the urethane 
polymer paint is applied to provide a slick surface which 

35 reduces the amount of frictional drag on the riding sur- 
face 20. Alternatively, the riding surface 20 may also be 
constructed adjacent an existing or new pool, as can 
best be seen in FIG. lb, wherein the incline surface can 
be formed of concrete or fberglass with a similar soft 

« foam and urethane polymer paint. In this particular 
embodiment, various underground channels are 
required for the circulation pump and sump underneath 
the riding surface. 

At one end of the pool adjacent the top of the incline 

« surface 20, an elevated entry ramp 22 is provided. The 
entry ramp is a queuing area for riders waiting to enter 
the water ride. The entry ramp area 22 can be con- 
structed of any material, and can be of any size. In fact, 
the entry ramp area 22 can be built into the ground on 

so the side of a sloped Nil adjacent the pool, in which case 
the incline surface area 20 can also be constructed on 
the same slope. 

Preferably, the pool 21 , in the area of use, shall be 
approximately 1 to 1.2 m (three to four feet) in depth, 

55 and no more than 1 .5 or 1 .8 m (five or six feet), so as to 
reduce the risk of drowning. At the junction between the 
riding surface 20 and the pool area 21, a barrier (not 
shown) may be placed to prevent objects and swimmers 
from flowing underneath the riding surface 20. This bar- 
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rier is not necessary if the Incline surface 2.0 is built into 
the ground adjacent the edge of the pool area as can 
been seen in FIG. 1b. 

In FIG. 2a, a grate 24, also serving as a barrier, is 
provided which allows the passage of water, whereby 5 
water is drawn through the grate from the pool 21 into a 
sump area 28. The water is then pumped through a 
pump 44 up to an outlet nozzle 30, i.e.. jet, which is sub- 
stantially centered in the pool area. The relative place- 
ment of the outlet nozzle area 30 can best be seen in io 
FIG. 2. 

FIGS. 1 and 2a show the preferred embodiment of 
the present invention, with a nozzle area 30 positioned 
at a level substantially equal to or lower than the eleva- 
tion of the water surface in the pool area 21. A supercri t- is 
ical flow of water is injected onto the ride surface 
through nozzles 30 pointed in the direction of flow, but 
the nozzles are slightly submerged within the pool 21 so 
that the nozzle does not obstruct riders flowing over the 
nozzle area. Because only a relatively small amount of so 
water can flow over the top of the nozzle area 30, the 
significantly higher momentum of the supercritical water 
flow is only slightly affected by Hie water flowing over the 
nozzle area. The advantage of having the nozzle area 
30 at or below the surface of the pool 21 is that riders as 
may ride over the nozzle area and be propelled up the 
inclined surface 20 directly from the pool area, which 
advantageously increases user capacity and through- 
put 

FIG. t also shows the flow of water being injected 30 
onto the ride surface 20 in the direction of flow, where- 
upon riders may perform skimming maneuvers thereon. 
Each inclined ride surface 20 is at least 3 m (10 feet) in 
width on each side of the butterfly return 32, and prefer- 
ably at least 4.5 m (15 feet) in width to permit various 3s 
skimming maneuvers to be performed on the incline. 
The total width, therefore, is preferably about 18 m (60 
feet). The inclined surface 20 extends upward and 
around an embankment 34, which turns the flow of 
water around a 180° turn. This butterfly return 32config- ao 
uration is designed such that the flow of water has vari- 
ous hydraulic jumps, boils and eddies at the apex of the 
turn. Various deformations and topographical changes 
may also be formed on the turn to create additional 
effects. 48 

As can be seen in FIG. 1, at the top of the incline 
surface 20 is an embankment 34 which transitions into 
outside edge or sidewall 36, which maintains the flow of 
water on the ride surface. The sidewall 36 can extend all 
the way around the outer edge of the butterfly return 32 so 
configuration to maintain the water on the ride and also 
to maintain the rider on the ride surface 20. The curva- 
ture of the sidewall 36 can also be varied along the out- 
side perimeter of the turn, to cause various flow effects 
as the water flowing up the incline moves up and across ss 

The velocity of the supercritical flow can also be 
adjusted to accommodate varying abilities and skills. 
FIG. 1a shows the pattern of flow at low velocities for 



novice riders. The water reaches a sub-critical flow 
below the apex of the turn 34 and flows across and 
down the declined surface due to the slight tilt in the 
incline. 

FIG. 1b shows the general contour of the inclined 
container with the butterfly return 32. As can be seen, a 
swale 43 is located between the upward and downward 
flows in the transition area. The inclined container also 
has sidewalks 36 or curved edges to contain the water 
as well as the rider on the riding surface. FIG. 1b also 
shows how the inclined container can be positioned 
adjacent an existing pool. 

In one embodiment, the butterfly configuration can 
be designed so that supercritical flow is achieved 
around the majority of the turn, provided that the width 
and cross-sectional area along the width is calculated 
with two principles in mind, namely, MASS CONSERVA- 
TION and the FROUDE number. To maintain a super- 
critical flow at any point around the turn, the FROUDE 
number must be greater than one. which is a function of 
flow speed and flow depth. 

The flow of water comes down from the embank- 
ment 34 on the declining portion 38 of the water ride pri- 
marily due to gravity and splashes into the pool area 21 
creating the main hydraulic jump. The rider coming off 
the embankment 34 can ride down the decline 38, 
which is much like riding a white water rapid, and can 
splash into the pool. 

FIG. 1 also shows an entry slide 40 located at the 
top of the incline 20 at the center of the butterfly return 
32 configuration. The entry slide 40 is convex in cross- 
sectional shape so as to divert water flowing upward on 
the inclined surface 20 away from the slide. The slide 40 
can also be slightly higher in elevation than the incline 
surface 20 and can have a slightly greater inclination. 
The slide area 40 can also have a flow fence (not 
shown) which helps maintain the rider on the slide while 
allowing water to flow off the side of the slide. The water 
from the slide 40 can either be diverted back onto the 
inclined surface 20, or may fail through into the con- 
tainer below in one embodiment. 

FIG. 2 shows a plan view of the butterfly return 32 
configuration. As can best be seen in FIG- 2, the outlet 
nozzle 30 is preferably located substantially in the 
center of the pool area 21 and directs water in a unidi- 
rectional flow up the inclined surface 20 and around the 
butterfly return 32 configuration. FIG. 2 shows the 
incline riding surface 20 situated within a relatively large 
rectangular shaped pool 21, with the entry slide 40 at 
the end closest to an entry stair/ramp 22. This plan view 
also shows the relative length and width of the inclined 
surface in both the upward and downward directions, as 
well as the transition area 42 on the inside of the turn 
between the respective upward and downward portions. 

FIG. 2a is a cross-sectional view of the present 
invention situated inside an existing swimming pool 21, 
with a circulation pump 44 situated at the deep end of 
the pool. The cross-sectional view shows how the 
incline surface 20 can be positioned within an existing 
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swimming pool, with the entry stair ramp 22 and slide 40 
at one end of the pool. The incline surface can be made 
of any strong corrosion-free material such as stainless 
steel, fiberglass or concrete with a soft foam covering. 

FIG. 2a also shows an extended horizontal riding 
surface 46 which, preferably, extends at least 4.5 m (15 
feet) in length. FIG. 2a also shows the incline surface 
20, which extends from the horizontal portion 46 in the 
direction of water flow. The highest point along the 
incline surface 20, which is at the apex of the butterfly 
return 32 configuration, is generally about 1.4 m {416 
feet) above the elevation of the horizontal surface 46, 
although the elevation can vary depending on the flow 
dynamics desired. The horizontal surface 46 adjacent 
the nozzle outlet 30 can vary in length depending on 
desired operational objectives and size constraints, but 
preferably the ratio of the elevational change to the hor- 
izontal length is approximately one to three. This is 
because the length of the horizontal surface area 46 
should be long enough to cause the rider,riding down 
the incline surface 20 due to gravity, to be propelled 
back up the incline by the force of the supercritical flow. 
If the horizontal surface area 46 were relatively short in 
length, the rider would come down the incline 20 
and,conceivably, overrun the nozzle area 30. The hori- 
zontal surface area 46 must be sufficient in length to 
allow the flow to provide enough momentum transfer to 
push the rider back up the incline 20 before he reaches 
the nozzle outlet area 30, 

FIG. 2a also shows the circulation pump 44 and 
sump area 28 located beneath the inclined surface area 
20. The positioning of the circulation pump 44 beneath 
the inclined surface 20 advantageously frees the 
remainder of the pool area 21 from any interference 
from the mechanical devices needed to drive the water 
ride. The water pump 44 can be positioned in the pool 
beneath the riding surface, or housed within a vault 
structure located adjacent the pool in the other embodi- 
ment. In the retrofitted version, a grate 24 can be posi- 
tioned in the pool to separate the pool area from the 
sump area beneath the riding surface. The grate 24 can 
extend downward from the riding surface and can be 
connected to the bottom of the pool. The grate 24 pre- 
vents objects or swimmers from being caught in the 
sump area, and simultaneously allows water to freely 
flow between the pool area and sump area. 

The pump 44 draws water from the sump 25 area 
adjacent the pool and directs water slightly upward 
through an underwater channel 52. The water under 
pressure is forced toward an upwardly curved nozzle 
outlet area 30, comprising a 180° turn. The underwater 
channel 52 adjacent the pump remains relatively narrow 
and widens near the nozzle outlet area 30 as can best 
be seen in FIG. 2. The water is forced upward through 
the opening of the nozzle outlet 30, and is extruded 
through the nozzle, creating a sheet flow of water at a 
substantially supercritical velocity on the inclined sur- 
face 20. The nozzle 30 is adjustable and can create a 
sheet wave 12 mm to 25 cm to 10") in depth. The 



water is turned upward and over due to the curvature of 
the nozzle outlet area 30. 

As can be seen in FIG. 2a, the nozzle outlet area 30 
is substantially level or beneath the water level of the 

s poo! area 21 . This allows riders to skim over the nozzle 
and to be propelled up the incline from the pool area. 
The flow of water is powerful enough, however, that the 
flow is not affected bythe spillage of water from the pool 
over the nozzle area. 

to FIG. 2a also shows the riding surface to be sub- 
stantially horizontal 46 and then extending upward to 
the butterfly return area 32 at the elevated end of the 
riding surface. It should be noted that the riding surface 
can be slightly inclined beginning from the nozzle outlet 

is area 30, rather than immediately horizontal. 

In an alternative embodiment of the present inven- 
tion, as shown in FIG. 9. a single riding surface 84 is 
provided having a single embanked turn 86. Rather 
than having dual riding surfaces in the shape of a butter- 

20 fly return, this embodiment has a single curved shoulder 
88 upon which flows the supercritical sheet flow of 
water. Water is injected onto the ride surface from the 
nozzle/injection mechanism 90 and travels around the 
curved shoulder 88 and down into the splash-down area 

is 92 of the pool 94. 

The pool area can also comprise various configura- 
tions, including a river chute 96 formed between oppo- 
site ends of the pool. In this embodiment, the water 
flows around the curved shoulder 88 and enters the 

so pool 94 and flows through the river chute 96 to the exit 
area 98 of the pool. The pool at this juncture can also be 
connected to other bodies of water including a lazy river 
pool (not shown). 

The rider also enters the ride surface from an entry 

35 slide 100 positioned adjacent one side of the ride sur- 
face 84. The entry slide 100 of this embodiment is simi- 
lar to the entry slide of the preferred embodiment, with 
the exception that the slide permits Bib rider to enter 
tangentially with respect to the ride surface. The rider 

fo slides down the entry slide 100 and onto the ride sur- 
face 84 against the direction of flow, wherein the rider 
can perform water-skimming maneuvers thereon. 

An alternative slide entry 102 can also be provided. 
From this alternative slide entry, a rider can slide onto 

45 the ride surface in the same direction as the water flow. 
This permits the rider to be carried by the supercritical 
flow around the curved shoulder 88 and down into the 
pool 94 for an exciting ride. 

One other feature of this embodiment is that the 

so injection of the water onto the ride surface 84 is initially 
downward on a declined surface 104 relative to the 
water flow on the pump side of the ride surface. As can 
be seen in FIG. 10, which is a cross-section of the ride 
surface parallel to the flow, the water is injected at a 

ss downward angle onto the ride surface 84, and flows rel- 
atively downward and then upward onto art incline 105 
and around the curved shoulder 88. Though this 
declined surface 104 is provided in the alternate 
embodiment, a declined surface can also be provided in 
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the preferred embodiment relatively near the center of 
the pool. 

The main advantage of the declined surface 104 
near the pump side of the ride surface 84 is to permit an 
alternative embodiment design that is safe, compact s 
and flexile in ability to locate the height of the nozzle 90 
aperture. Site conditions may preclude a below water 
level nozzle location (as previously described in the pre- 
ferred embodiment). Above water level nozzles 90 are 
possible, so long as specific design criteria are io 
observed. In particular, the nozzle 90 must be posi- 
tioned to avoid injurious collision with a rider that slides 
down the face of the incline 105. One solution is to place 
an extended horizontal ride surface 46 between the 
nozzle aperture and the incline as discussed in the pre- is 
ferred embodiment. Flow friction against a counter-flow 
moving rider will eventually provide sufficient momen- 
tum transfer to stop the rider and push him or her back 
up the incline. The disadvantage to the extended hori- 
zontal ride surface 46 is increased size and cost of con- 20 
struction. 

The declined surface 104 on the pump side of the 
ride surface prevents the rider from sliding into the ele- 
vated nozzle 90 outlet area by taking advantage of the 
deceleration due to gravity as a rider rides up the 2s 
decline, thereby increasing safety. This decline surface 

104 also permits the ride surface to be relatively com- 
pact and comprises less space, insofar as the extended 
horizontal section can be avoided without sacrificing 
safety. This configuration also permits the rider to per- so 
form oscillating maneuvers on the ride surface in a 
direction paraBel to the flow. 

Preferably, the decline surface 104 on the pump 
side of the ride surface is at an decline of between 12- 
25 s , with 1 8° being trie preferred decline. The degree of as 
incline of the inclined riding surface 105 can also be 
made to equal the degree of decline of the declined sur- 
face 104. 

The ride surface in this embodiment is approxi- 
mately 1 2 m (40 feet) in length from the nozzle 90 outlet 40 
area to the edge of the curved shoulder 88, although the 
length can be altered depending upon the necessities of 
site topography. The elevation of the nozzle 90 outlet 
can also be equal to the elevation of the upper section 
of the curved shoulder 88, although the nozzle 90 outlet 45 
elevation can be slightly lower. The nozzle 90 can be as 
low as one-half the elevation between the bottom 106 of 
the riding surface 84 and the top of the incline surface 

1 05 and still provide the benefits discussed herein. 

The ride surface has an embanked turn 86 and is so 
also tilted to one side to permit the excess flow of water 
to drain off to the side of the ride surface 84 into thB pool 
94. Preferably, the lower elevation side of the fit (near 
the pool) is positioned on the side of the ride surface 
adjacent the inside of the embanked turn (the transition ss 
slide area). 

In this alternate embodiment, a viewing gallery 108 
or carttilevered walkway 110 is provided around the 
perimeter of the ride surface to enable participants and 



viewers to view the entire riding area. The walkway 110 
also serves as a queuing area for participants waiting to 
enter the ride. The walkway 1 10 is generally at an eleva- 
tion above the ride surface, and is positioned above the 
nozzle 90 outlet area and the pumps 112. 

In this embodiment, a vertically-oriented pump 1 12 
mechanism can be provided which draws water from a 
lower elevation and pumps the water upward, wherein 
water is extruded from a narrow nozzle 90 onto the rid- 
ing surface 84. As shown in FIG. 10, water is drawn in 
from the bottom of the pump 1 12, and is pumped into an 
upper nozzle area 114, which is configured to have a 
narrow converging opening through which the water is 
extruded at high pressure. A grate 116 is provided 
between the exit area 98 of the pool and the sump area 
118 to prevent unwanted objects and persons from 
' entering the pump area. 

In another embodiment of the present invention, as 
shown in FIG. 3, a tunnel wave generating device 54 
can be installed at the top of the embanked turn or but- 
terfly return 32 configuration of the present invention. In 
this embodiment, the rider is propelled up the inclined 
surface 20 and is propelled upward toward a wave gen- 
erating device 54 which is obliquely positioned such that 
the water flows across the face of the generating device 
and off to the side and down the declined portion 38 of 
the ride surface. In this embodiment, the velocity of the 
water must be increased and must be sufficient to main- 
tain a supercritical flow which extends up and across 
the tunnel wave generating device 54 at the top of the 
incline 20. Moreover, due to the increase in velocity of 
the water flow, the entry slide 40 must be positioned at 
an elevation slightly higher than the inclined riding sur- 
face 20, and can have a greater inclination to prevent 
water from flowing up the entry slide. It should be noted 
that the tunnel wave generating device can be located 
on one side of the butterfly return, so that the other side 
may have a separate configuration comprising a differ- 
ent embodiment. 

FIG. 5 shows another embodiment of the present 
invention, comprising a ride surface 65 that is level 
along the bottom surface 66 adjacent the pool area, but 
which is tilted to one side at the top 68 of the incline. 
Moreover, the nozzle outlet area 70 on this embodiment 
is off center and located on one side of the inclined sur- 
face 65 such that the water flows upward and around in 
a single half butterfly return configuration to the other 
side. The ride surface 65 is slightly warped or twisted 
such that the water flowing up the incline will, due to 
gravity, flow from a higher to a lower pressure area and 
form a flow of water in a semi-circular fashion. The 
water in this embodiment may remain supercritical 
along the entire circular movement of the water flow. 

In this embodiment, the water flows upward, round 
and downward on the riding surface, primarily due to the 
force of gravity, which maintains the water on the ride 
surface in an arc pattern. This embodiment can also 
have sidewalls 81 to maintain the riders on the ride sur- 
face 65, wherein the sidewalls are situated away from 
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the flow so that they do not affect the supercritical flow 
of the water. 

The entry slide (not shown) in this embodiment may ' 
be located at the top of the incline 65 on the nozzle out- 
let 70 side of the surface. This embodiment also advan- s 
tageously has an at-or-below surface-level nozzle area 
70 to al low riders to enter the water ride directly from the 
pool area 21. 

FIG. 6 shows a perspective view of a lilted ride sur- 
face 74 of this embodiment, showing that at the top 76 to 
of the inclined surface, the elevation on the nozzle 70 
side is higher than on the opposite sida The ride sur- 
face is also slightly concave in shape which assists in 
directing the water in a circular fashion, as can best be 
seen in FIG. 7. w 

FIG. 7 shows the tilted ride surface 74 and off- 
center nozzle 70 having a concave riding surface, which 
has a curvature tending to direct the flow of water 
upward, across and downward. The water being 
injected from the outlet nozzle 70 at an angle is directed so 
onto the concave riding surface 74, and, by virtue of the 
incline, the water is directed back downward toward the 
pool area 21. 

FIG. 8 is a plan view of the tilled ride surface 74 
showing the direction of flow of an angled nozzle 82 out- as 
let. In this embodiment, the water flows at an angle from 
the nozzle outlet 82 and onto the inclined surface 74 
and, due to the forces of gravity, is turned back down 
and around into the pool area 21 . 

30 

Claims 

1 . A water ride for water parks, amusement parks, and 
the like, comprising a riding surface (20) which is 
associated with a source of water (21) and which 3s 
has an inclined portion rising above the surface ele- 
vation of the water in the said source of water (21), 
and at least one water jet (30) for providing a sheet 
flow of water onto the inclined portion of the riding 
surface (20) upon which a rider may perform water 40 
skimming maneuvers, characterised in that the 
inclined portion of the riding surface (20) has an 
embanked turn thereon, the said flow of water flow- 
ing up on the embanked turn and then transitioning 
around on the embanked turn and returning down- 45 
wards on the embanked turn, the returning flow re- 
entering the source of water (21). 

2. A self-contained water ride for water parks, amuse- 
ment parks, and the like, within a single container of so 
water, comprising: 

a source of water (21); 

an inclined surface (20) disposed above the 
source of water (21); and ss 
at least one water jet (30) for providing a sheet 
flow of water on the inclined surface (20), the 
sheet flow of water permitting a rider to perform 
water skimming maneuvers thereon; 



characterised in that the inclined surface 

(20) is configured to form an embanked turn upon 
which the sheet flow of water is propelled upward 
and away from the source of water (21) and then 
transitions around on the embanked turn and 
returns back downward on the embanked turn, the 
returning flow re-entering the source of water (21) 
such that substantially all of the water is contained 
in the said single container without requiring a sep- 
arate return conduit 

3. A water ride as claimed in claim 1 or 2, wherein the 
said flow of water is supercritical. 

4. A water ride as claimed in any of claims 1 to 3. 
wherein the water jet (30) is located at or below the 
surface elevation of the water in the source of water 

(21) , whereby a rider may pass over the water jet 
(30) and enter onto the inclined surface (20) directly 
from the source of water (21). 

5. A water ride as claimed in any of claims 1 to 3, 
wherein the water jet (30) is located above the sur- 
face elevation of the water in the source of water 
(21). the said flow of water travelling downward onto 
a declining surface (104) before travelling up an 
incline portion (105) on the inclined surface (20). 

6. A water ride as claimed in any of claims 1 to 5, 
wherein the inclined surface (20) comprises two 
substantially similar but reversely oriented inclined 
surfaces (32), each of which is configured to enable 
the said flow of water to transition around and 
return downwardly towards the source of water 
(21). 

7. A water ride as claimed in any of claims 1 to 6, 
wherein the inclined surface (20) has an inclined 
portion having an upper edge (36) rising above the 
surface elevation of the water in the source of water 
(21), the Inclined surface (20) being configured so 
that the said flow of water moves upward and 
around the inside of the upper edge (36), the said 
flow of water being contained within or by the upper 
edge (36) and being returned back into the source 
of water (21). 

PatentansprQche 

1. Wasserglettbahn fur Erlebnisbader, Freizeitparks 
und ahnliches, die folgende Kbmponertten umfalit: 
eine Glertoberflache (20). der eine Wasserquelle 
(21) zugeordnet ist und die einen schragen 
Abschnitt hat, der Qber die Hohe der Oberflache 
des Wassers in der Wasserquelle (21) ansteigt, und 
wenigstens einen Wasserstrahl (30). urn auf dem 
schragen Abschnitt der Gleitoberflache (20) einen 
PlanfluB des Wassers zu bilden, auf dem ein Was- 
sergierter Wassergleitmanover ausfuhren kann, 
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dadurch gekennzeichnet, daB sich auf dem schra- 
gen Abschnitt der Gleitoberflache (20) sine etnge- 
dammte Wende befindet, wobei der WasserfiuB 
nach oben bis zu der etngedammten Wende flieBt 
und dann um die eingedammte Wende Qbergeleitet 5 
wird und auf der eingedamrrrten Wende zuruck 
nach urrten flieBt. wobei der zuruckstromende Flul3 7 
wieder in die Wasserquelle (21) einfritt. 

2. Unabhangige Wassergleitbahn fur Erlebnisbader, to 
Freizeitparks und ahnliches, die sich in einem einzi- 
gen Wasserbehalter befindet und die folgende 
Komponerrten urnfafit: 

eine Wasserquelle (21); is 

eine schrage Oberflache (20), die sich ober- 

halbder Wasserquelle (21) befindet: und 

wenigstens einen Wasserstrahl (30), um auf Re 

der schragen Oberfrache (20) einen PlanfiuB 

des Wasser zu biiden, wobei es der PlanfiuB so 1. 

des Wassers einem Wassergleiter ermogiicht, 

auf diesem Wassergleitmanaver auszufflhren; 

dadurch gekennzeichnet, daB die schrage 
Oberflache (20) so korrf iguriert ist. daB sie eine ein- ss 
gedammte Wende bildet, auf welcher der PlanfiuB 
des Wasser nach oben und weg von der Wasser- 
quelle (21) gestoBen wird und dann um die einge- 
dammte Wende ubergeleitet wird und auf der 
eingedSmmten Wende zuruck nach urrten gelangt, so 
wobei der zurQckstromende FluS wieder in die 
Wasserquelle (21) gelangt, derail, daB im wesentli- 
chen das gesamte Wasser in dem einzigen Behal- 
ter gehalten wird, ohne daB eine separate 
ROckfohrle'rtung erforderlich ist. 35 

3. Wassergleitbahn nach Anspruch 1 oder 2, bei wel- 
cher der WasserfiuB superkritisch ist. 2. 

4. Wassergleitbahn nach einem der Anspruche 1 bis 10 
3, bei der sich der Wasserstrahl (30) auf Oder unter 
der Hone der Oberflache des Wassers in der Was- 
serquelle (21) befindet, wodurch ein Wassergleiter 
fiber den Wasserstrahl (30) gleiten und direkt von 
der Wasserquelle (21) auf die schrage Oberflache is 

(20) gelangen kann. 

5. Wassergleitbahn nach einem der Anspruche 1 bis 
3, bei der sich der Wasserstrahl (30) uber der H3he 
der Oberflache des Wassers in der Wasserquelle so 

(21) befindet, wobei sich der WasserfiuB auf einer 
abfallenden Oberflache (104) nach unten bewegt, 
bevor er sich auf einem schragen Abschnitt (105) 
auf der schragen Oberflache (20) nach oben 
bewegt. 55 

6. Wassergleitbahn nach einem der Anspruche 1 bis 
5, bei der die schrage Oberflache (20) zwei im 
wesentlichen gleiche, aber umgekehrt ausgerich- 



tete schrage Oberflachen (32) aufweist, die jeweils 
so konf iguriert slnd, daB sie es dem WasserfiuB 
ermoglichen, um die Wasserquelle (21) Qbergelei- 
tet zu werden und nach urrten zu dieser zuruckzu- 
flieBen. 

Wassergleitbahn nach einem der Anspruche 1 bis 
6, bei der die schrage Fldche (20) einen schragen 
Abschnitt hat, der eine obere Kante (36) hat, die 
uber die Hohe der Oberflache des Wassers in der 
Wasserquelle (21) ansteigt, wobei die schrage Fta- 
che (20) so konfiguriert ist, daB sich der WasserfiuB 
nach oben und um die Innenseite der oberen Kante 
(36) bewegt, wobei der WasserfiuB innerhalb der 
Oder durch die obere Kante (36) gehalten und 
zuruck in die Wasserquelle (21) getuhrt wird. 



Plan d'eau pour sports de glisse destine a des 
pares aquatiques, des pares d'attractions et simi- 
laire, comprenant une surface de glissement (20) 
associee a une source d'eau (21) et comportant 
une partie inclines s'elevant au-dessus de 1'eleva- 
tiort de surface de I'eau dans ladite source d'eau 
(21). et au moins un jet d'eau (30) pour entralner un 
courant d'eau laminaire sur la parte indinee de la 
surface de glissement (20) sur laquelle un baigneur 
peut effectuer des manoeuvres de planage sur 
I'eau, caractense en ce que la partie indinee de la 
surface de glissement (20) comporte un virage 
endigue, ledit courant d'eau remontant le long du 
virage endigue avartt de corttourner le virage endi- 
gue et de redescendre le long du virage endigue. le 
courant de retour rentrant dans la source d'eau 
(21). 

Plan d'eau autonome pour sports de glisse, destine 
a des pares aquatiques, des pares d'attractions et 
similaire, a I'interieur d'un seul reservoir d'eau, 
comprenant: 

une source d'eau (21); 

une surface indinee (20) agencee au-dessus 
de la source d'eau (21); et 
au moins une jet d'eau (30) pour entralner un 
courant d'eau laminaire sur la surface indinee 
(20), le courant d'eau laminaire permettant a 
un baigneur d"y pratiquer des manoeuvres de 
planage sur I'eau; 

caracteris6 en ce que la surface indinee (20) 
est configured de sorte a former un virage endigue 
sur lequel le courant d'eau laminaire est propulse 
vers le haut, a I'ecart de la source d'eau (21), avant 
de corttourner le virage endigue et de redescendre 
le long du virage endigue. le courant de retour ren- 
trant dans la source d'eau (21), de sorte que prati- 
quement I'ensemble de I'eau est contenue dans 
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ledrt reservoir unique sans qu'il soit necessaire de 
prevoir un conduit de retour separe. 

3. Plan d'eau pour sports de glisse selon les revendi- 
cations 1 ou 2, dans lequel ledit courant d'eau est 5 
supercrfiique. 

4. Plan d'eau pour sports de glisse selon Tune quel- 
conque des revindications 1 a 3, dans lequel le jet 
d'eau (30) et agence au niveau de I'elevation de w 
surface de i'eau dans la source d'eau (21) ou au- 
dessous de ceile-ci, un baigneur pouvant ainsi pas- 
ser au-dessus du jet d'eau (30) et entrer sur la sur- 
face inclinee (20), directement a partir de la source 
d'eau (21). is 

5. Plan d'eau pour sports de glisse selon I'une quel- 
conquedes revindications 1 a 3, dans lequel le jet 
d'eau (30) est agence au-dessus de I'elevation de 
surface de I'eau dans la source d'eau (21), ledrt 20 
courant d'eau se deplagant vers le bas sur une sur- 
face en pente (1 04) avant de remonter sur une par- 
tie inclinee (105) sur la surface inclinee (20). 

6. Plan d'eau pour sports de glisse selon I'une quel- 25 
conque des revendications 1 a 5, dans lequel ia 
surface inclinee (20) comprend deux surfaces incli- 
nees pratiquement similaires mais a orientation 
opposee (32), dont chacune est configuree de 
sorte a permettre audit courant d'eau de tourner et 30 
de retourner vers le bas en direction de la source 
d'eau (21). 

7. Plan d'eau pour sports de glisse selon I'une quei- 
conque des revendications 1 a 6, dans lequel la 35 
surface inclinee (20) comporte une partie inclinee 
avec un bord superieur (36) s'elevant au-dessus de 
I'elevation de surface de I'eau dans la source cfeau 
(21), la surface inclinee (20) etant configuree de 
sorte que ledit courant d'eau remonte vers I'rnte- 40 
rieur du bord superieur (36) et tourne autour de 
celui-ci, ledit courant d'eau etant contenu a I'inte- 
rieur du bord superieur (36) ou par I'intermediaire 

de celii-ci, et etant ramene dans la source d'eau 

(21). 45 
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